All the chemical HRGC/MS profiles of samples of Dictyota menstrualis, collected in Buzios, Rio de Janeiro and São Pedro and São Paulo Archipelago, Brazil, presented diterpenes as major constituents. The samples contained either prenylated guaiane or xeniane derivatives as their major diterpenes. However, there was a variation concerning the quantity of these components. Taking this into consideration, it is possible to establish typical geographic patterns.
Among Phaeophyceae, the genus Dictyota Lamouroux, belonging to the Dictyotaceae (Dictyotales Phaeophyceae), is one of the most common genera of macroalgae from tropical to warm-temperate shores and has been by far the most deeply studied by phytochemists. Delimitation of Dictyota species is notoriously difficult because of large and complex morphological variation. Few diagnostic characters are found without a high degree phenotypic plasticity [1] .
In a previous study, it was shown that the biogeographic distrubution of the diterpenes found in species of the genus Dictyota parallels the biogeography of the taxon [2] [3] [4] . In addition, a number of studies indicated that the diterpenes from Dictyota species may have an important role as taxonomic and biogeographical markers [e.g. 3, [5] [6] [7] [8] . Moreover, the diterpenes of D. menstrualis, for instance, are known for their potential antiviral properties [9, 10] , as chemical defense substances [11] [12] [13] [14] , and as chemotaxonomic and biogeographical markers [5, 8] .
The occurrence of D. dichotoma (Hudson) Lamouroux has been reported in all the oceans [e.g. [15] [16] [17] [18] [19] . Nonetheless, the worldwide distribution of this species has been questioned continuously by phycologists who suggest the division of the D. dichotoma complex into different species [3, [20] [21] [22] [23] [24] . As a result, the D. dichotoma populations of the tropical and subtropical western Atlantic have been taxonomically renamed as D. menstrualis (Hoyt) Schnetter, Hörnig & Weber-Peukert, while D. dichotoma and D. linearis (C. Agardh) Greville are the Dictyota species in the Mediterranean Sea [20, 21, 25] .
The presence of dichotomane and cycloxeniane diterpenes in D. menstrualis from Brazil suggests that this species is closely related to the Australian collection of D. dichotoma. Thus, we conclude that the studied populations from Brazilian and Australian coasts should be considered as a single species, D. menstrualis. In earlier phycochemical studies of D. menstrualis collected along the Brazilian coast, eight fatty acids, eight diterpenes, and fucosterol were recorded [5, 26] .
The current paper presents qualitative and quantitative analyses of the chemical constituents (diterpenes, fatty acids and sterols) of D. menstrualis collected in São Pedro and São Paulo Archipelago and compares these with the results obtained with the same alga collected in Armação de Búzios, Rio de Janeiro using the HRGC-MS and NMR combined techniques. These results were compared with others information obtained in previous works on populations collected in Brazil [5, 26] , the USA [11, 27] and Australia [15] .
The HRGC-MS and 1 H NMR spectroscopic data confirmed that the two populations of D. menstrualis produced diterpenes (major components), fatty acids and sterols. In the sample collected in Búzios (RJ), the percentage of fatty acids in the crude extract was 9.9% (myristic acid 3.0% and palmitic acid 6.9%). The diterpenes represented 23.1% of the crude extract, 4.4% of prenylated guaianes and 18.7% of the xeniane derivatives. Fucosterol formed 1.8% of the crude extract and the 65.2% of other components were not identified.
In the sample collected in São Pedro and São Paulo Archipelago (SPSP), the percentage of fatty acids in the crude extract was 16.6% (myristic acid 2.9% and palmitic acid 13.7%). The diterpenes represented 34.6% of the crude extract, of which 22.1% were prenylated guaianes, 2.9% dichotomanes and 9.6% cycloxenianes. Sterols formed 8.8% of the crude extract (cholesterol 2.5% and fucosterol 6.2%) and 40.0% of the components were not identified.
Based on a revised biogenetic scheme proposed by Teixeira and Kelecom [29] in an earlier study, the diterpenes isolated from Dictyota species have been distributed in three groups (I-III), according to the first formal cyclization of the geranyl-geraniol precursor. Diterpenes of Group I are mainly prenylated derivatives of known sesquiterpene skeletons (e.g. prenylated guaianes) that result from a first cyclization of geranyl-geraniol between positions 1 and 10. Group II contains diterpenes derived by a cyclization of the precursor between positions 1 and 11. Finally, group III diterpenes are formed by either cyclization between carbons 2 and 10 or by the cyclic contraction of diterpenes from group I. Figure 1 presents the hypothetical biogenetic pathway proposed for D. menstrualis diterpenes.
In the present study, the two populations presented a similar qualitative pattern, with great abundance of the prenylated guaiane and xeniane diterpene derivatives. However, the chemical constituents of both populations presented a quantitative variation in their major diterpenes.
In the collection from Búzios (RJ), the most abundant diterpenes were the dialdehydes derived from the xeniane skeleton, the 6-hydroxy-and 6-acetoxydichotoma-2,13-diene-16,17-dial and the 5-hydroxyand 5-acetoxy-1,6-cycloxenia-2,13-diene-16,17-dial, with 36, 11, 22 and 11% of observed diterpenes respectively, which represent a total of 80% of the diterpenes. In the population of São Pedro and São Paulo Archipelago (SPSP), the most abundant diterpenes were dictyol E (37% of the diterpenes) and the 5-acetoxy-1,6-cycloxenia-2,13-diene-16,17-dial (23% of the diterpenes). The fact that dictyol E is predominant in this population approximates it to the sample collected in North Carolina [11, 27] (Table 1) .
Qualitative and quantitative variations of natural products occur at different levels, like variations among populations, the species' habitat or geographic region, and different periods in the life cycle [13, 14, 30] . However, the distance between the two points of collection is nearly 6500-7000 km, which means that environmental characteristics are very distinct.
The sea temperature, for instance, ranges from 27.2 o C to 28.8 o C in SPSP Archipelago [31] , whereas in Búzios it ranges from 18 o C to 24 o C [32] . The SPSP Archipelago is an oceanic place, very far from the influence of the Brazilian coast, so that it is surrounded by clear and nutrient poor waters, an opposite condition from that at Armação de Búzios. Moreover, the isolated position of this archipelago made the connection between the two populations 1882 Natural Product Communications Vol. 3 (11) 2008
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very unlikely. In spite of this, D. menstrualis is widely distrubuted from Rio de Janeiro to North Carolina. Studies of the North Carolina samples demonstrated that the major diterpenes were dictyol E, pachydictyol A and dictyodial [11, 27] .
The results obtained indicate that the species seems to produce more "oxygenated" diterpenes at its limits of distribution (Rio de Janeiro and North Carolina). Therefore, quantitative variations must be investigated in order to establish the limits of variation of the species. The temperature program was kept at 160 o C, then programmed to 260 o C at a rate of 4 o C/min and finally raised at a rate of 10ºC/min to 290 o C for 15 minutes. Helium was the carrier gas at a flow rate of 1 mL/min. Diluted samples were injected manually in the split mode (1/10 and 1/20).
Results were obtained from Frd area percent data. The chemical components were identified by comparison of the mass spectral data with those of standards and/or literature, by the co-injection technique in HRGC, and from Wiley 275 library data of the HRGC-MS system. An aliquot (10 mg) of each extract was dissolved in CDCl 3 and the 1 H NMR (300 MHz) spectrum was obtained in a Varian-Unity Plus 300 (TMS as internal reference).
Supplementary data: Chromatograms (GC) of the crude extracts from D. menstrualis collected in Búzios (RJ) and São Pedro and São Paulo Archipelago are presented ( Figure 3 ).
